2d Free Surface Impact Tests With Triangular Shaped Wedges by Günbeyaz, Sefer Anıl
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISTANBUL TECHNICAL UNIVERSITY  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
M.Sc. THESIS 
JANUARY 2014 
 
2D FREE SURFACE IMPACT 
TESTS WITH TRIANGULAR SHAPED WEDGES 
 
Sefer Anıl GÜNBEYAZ 
Department of Naval Architecture and Marine Engineering 
 
Naval Architecture and Marine Engineering Programme 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
   
     
JANUARY 2014 
ISTANBUL TECHNICAL UNIVERSITY  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
2D FREE SURFACE IMPACT 
TESTS WITH TRIANGULAR SHAPED WEDGES 
 
M.Sc. THESIS 
Sefer Anıl GÜNBEYAZ 
 (508111011) 
Department of Naval Architecture and Marine Engineering 
 
Naval Architecture and Marine Engineering Programme 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Thesis Advisor: Assistant Prof. Dr. Şebnem HELVACIOĞLU 
   
     
OCAK 2014 
İSTANBUL TEKNİK ÜNİVERSİTESİ  FEN BİLİMLERİ ENSTİTÜSÜ 
ÜÇGEN KESİTLİ BLOKLAR İÇİN 
SAKİN SU YÜZEYİNDE 2 BOYUTLU ÇARPMA DENEYİ 
 
YÜKSEK LİSANS TEZİ 
Sefer Anıl GÜNBEYAZ 
(508111011) 
Gemi İnşaatı Mühendisliği Anabilim Dalı 
 
Gemi İnşaatı ve Gemi Makineleri Mühendisliği Programı 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Tez Danışmanı: Yard. Doç. Dr. Şebnem HELVACIOĞLU 
  
 
v 
 
  
Thesis Advisor :  Assistant Prof. Dr. Şebnem Helvacıoğlu    ............................ 
 İstanbul Technical University  
Jury Members :  Prof. Dr. Mustafa İnsel   ............................ 
İstanbul Technical University 
 
  Prof. Dr. Hüseyin Yılmaz   ............................ 
Yıldız Technical University 
 
 
 
 
 
 
Sefer Anıl GÜNBEYAZ, a M.Sc. student of ITU Institute of / Graduate School of 
Science Engineering And Technology student ID 508111011, successfully 
defended the thesis entitled “2D Free Surface Impact Tests With Triangular Shaped 
Wedges”, which he prepared after fulfilling the requirements specified in the 
associated legislations, before the jury whose signatures are below. 
 
 
Date of Submission : 16 December 2013 
Date of Defense :  10 January 2014 
 
vi 
 
  
vii 
 
 
 
 
In memory of my beloved father, 
 
 
 
  
viii 
 
ix 
 
FOREWORD 
I would never have been able to finish my dissertation without the guidance of my 
professors, help from friends, and support from my family. 
Foremost, I would like to express my deepest gratitude to my advisor, Dr. Sebnem 
Helvacioglu, for her excellent guidance, caring, patience, and providing me with an 
excellent motivation for doing this research. I would like to thank Dr. Mustafa Insel, 
for the past several years and helping me to develop my background in Naval 
Architecture and his guidance helped me in all the time of research and writing of 
this thesis. I could not have imagined having a better advisor and mentor for my 
MSc. study. 
I would like to thank Zeynep Gür, she was always willing to help, always supporting 
me, giving the best suggestions and motivation. She was always there cheering me 
up and stood by me through the good times and bad times. It would have been lonely 
without her.  
Many thanks to Salih Öncü for his works during experiments in the laboratory. I 
would also like to extend my thanks to Seyfi Erim, technician of the laboratory of the 
Ata Nutku for his help in offering me the resources. 
I would also like to thank my parents and elder sister. They were always supporting 
me throughout my life and encouraging me with their best wishes.  
 
 
 
 
January 2014 
 
Sefer Anıl Günbeyaz 
Research Assistant at Faculty of 
Naval Architecture and Ocean 
Engineering, ITU 
 
 
 
 
 
 
 
 
 
 
  
x 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
TABLE OF CONTENTS 
                    Page 
FOREWORD ............................................................................................................. ix 
TABLE OF CONTENTS .......................................................................................... xi 
ABBREVIATIONS ................................................................................................. xiii 
LIST OF TABLES ................................................................................................... xv 
LIST OF FIGURES ............................................................................................... xvii 
SUMMARY ............................................................................................................. xxi 
ÖZET ...................................................................................................................... xxiii 
1. INTRODUCTION .................................................................................................. 1 
1.1 Purpose of Thesis ............................................................................................... 2 
1.2 Impact ................................................................................................................. 3 
1.3 Chapter Preview ................................................................................................. 3 
2. LITERATURE REVIEW ...................................................................................... 5 
3. THE EXPERIMENT ........................................................................................... 11 
3.1 Experimental Setup .......................................................................................... 11 
3.2 Instruments ....................................................................................................... 13 
3.2.1 Pressure transmitters ................................................................................. 13 
3.2.2 High speed camera .................................................................................... 15 
3.3 Parameters ........................................................................................................ 16 
3.3.1 Deadrise angle ........................................................................................... 16 
3.3.2 Drop height ............................................................................................... 17 
3.3.3 Weight ....................................................................................................... 17 
4. EXPERIMENT RESULTS ................................................................................. 19 
4.1 Pressure ............................................................................................................ 19 
4.1.1 Effect of drop height of wedge on pressure .............................................. 25 
4.1.2 Effect of weight of wedge on pressure ...................................................... 26 
4.1.3 Effect of deadrise angle on pressure ......................................................... 27 
4.2 Image Data ....................................................................................................... 27 
4.2.1 Effect of height and weight on wave form ................................................ 28 
4.2.1.1 Results for 4 kilograms ...................................................................... 28 
4.2.1.2 Results for 6 kilograms ...................................................................... 31 
4.2.1.3 Results for 8 kilograms ...................................................................... 33 
4.2.2 Effect of deadrise angle on wave form ..................................................... 37 
5. CONCLUSIONS AND RECOMMENDATIONS ............................................. 43 
5.1 Practical Application of This Study ................................................................. 44 
REFERENCES ......................................................................................................... 47 
APPENDICES .......................................................................................................... 49 
APPENDIX A ........................................................................................................ 50 
APPENDIX B ........................................................................................................ 62 
CURRICULUM VITAE .......................................................................................... 75 
 
 
xii 
 
 
 
xiii 
 
ABBREVIATIONS 
ρ : Density of Water 
CFD : Computational Fluid Dynamics 
FPS : Frames per Second 
g : Gravitational Acceleration 
h : Depth from Water Surface 
M : Mass of Wedge 
m : Mass of Added Water 
ms : Miliseconds 
NSRDC : Department of the Navy Naval Ship Research and Development 
 Center  
OLF : Norwegian Oil Industry Association 
Ρ : Hydrostatic pressure 
V : Velocity 
 
 
 
  
xiv 
 
xv 
 
LIST OF TABLES 
Page 
Table 2.1 : Previous Studies by method and year ....................................................... 8 
Table 3.1 : Dimensions of wedges. ........................................................................... 13 
Table 3.2 : Parameters of experimental setup. .......................................................... 17 
Table 4.1 : Pressure distribution for 60° deadrise angle wedge and 6 kg weight ..... 25 
Table 4.2 : Pressure distribution for 60° deadrise angle wedge and 0.6 m drop  
height ...................................................................................................... 26 
Table 4.3: Maximum wave heights and durations for 4 kg wedge weight ............... 31 
Table 4.4: Maximum wave heights and durations for 6 kg wedge weight ............... 33 
Table 4.5: Maximum wave heights and durations for 8 kg wedge weight ............... 35 
Table 4.6: Maximum wave heights and durations for 60° deadrise angle wedge ..... 35 
Table 4.7: Maximum wave heights and durations for 4 kg weight, 0.3 m drop   
height ........................................................................................................ 40 
 
  
xvi 
 
xvii 
 
LIST OF FIGURES 
Page 
 
Figure 3.1 : Drop mechanism. ................................................................................... 12 
Figure 3.2 : Reverse weight mechanism. .................................................................. 12 
Figure 3.3 : Reverse weight mechanism. .................................................................. 13 
Figure 3.4 : Location of sensors. ............................................................................... 14 
Figure 3.5 : Calibration curve sample for a sensor. .................................................. 14 
Figure 3.6 : Position of laser. .................................................................................... 15 
Figure 3.7 : Position of laser ..................................................................................... 15 
Figure 3.8 : Complete experiment system. ............................................................... 16 
Figure 3.9 : Section views of wedges ....................................................................... 16 
Figure 4.1 : Sample pressure distribution and maximum pressure on a wedge ........ 20 
Figure 4.2 : Behaviour of bottom sensor................................................................... 20 
Figure 4.3 : Behaviour of middle sensor ................................................................... 21 
Figure 4.4 : Behaviour of top sensor ......................................................................... 21 
Figure 4.5 : Position of the 30° deadrise angle wedge, 23 ms after the impact ........ 22 
Figure 4.6 : Comparison for hydrostatic pressure,actual case and ideal case ........... 22 
Figure 4.7 : Total and hydrostatic pressure graph for a sensor ................................. 23 
Figure 4.8 : Total and hydrostatic pressure for 30° deadrise angle wedge ............... 23 
Figure 4.9 : Total and hydrostatic pressure for 45° deadrise angle wedge ............... 24 
Figure 4.10 : Total and hydrostatic pressure for 60° deadrise angle wedge ............. 24 
Figure 4.11 : Total and hydrostatic pressure for 75° deadrise angle wedge ............. 25 
Figure 4.12 : Pressure comparison for wedge, 60° deadrise angle and 6 kg weight 25 
Figure 4.13 : Pressure comparison for 6 kg weight and 0.6 m drop height .............. 26 
Figure 4.14 : Pressure comparison for each sensor for given parameters................. 27 
Figure 4.15 : Sample caption from video .................................................................. 28 
Figure 4.16 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height ................. 29 
Figure 4.17 : 60° deadrise angle, 4 kg wedge weight, 0.6 m drop height ................. 30 
Figure 4.18 : 60° deadrise angle, 4 kg wedge weight, 0.9 m drop height ................. 30 
Figure 4.19 : 60° deadrise angle, 6 kg wedge weight, 0.3 m drop height ................. 31 
Figure 4.20 : 60° deadrise angle, 6 kg wedge weight, 0.6 m drop height ................. 32 
Figure 4.21 : 60° deadrise angle, 6 kg wedge weight, 0.9 m drop height ................. 32 
Figure 4.22 : 60° deadrise angle, 8 kg wedge weight, 0.3 m drop height ................. 33 
Figure 4.23 : 60° deadrise angle, 8 kg wedge weight, 0.6 m drop height ................. 34 
Figure 4.24 : 60° deadrise angle, 8 kg wedge weight, 0.9 m drop height ................. 34 
Figure 4.25 : Effect of drop height on maximum wave height on different weights 36 
Figure 4.26 : Effect of drop height on plunging durations on different weights ...... 36 
Figure 4.27 : Effect of wedge weight on wave heights on different drop heights .... 37 
Figure 4.28 : Effect of wedge weight on plunging durations on different heights ... 37 
Figure 4.29 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height ................. 38 
Figure 4.30 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height ................. 39 
xviii 
 
Figure 4.31 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height ................. 39 
Figure 4.32 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height ................. 40 
Figure 4.33 : Maximum wave height – Deadrise angle graph .................................. 40 
Figure 4.34 : Plunging duration – Deadrise angle graph .......................................... 41 
Figure A.1 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ................. 50 
Figure A.2 : 30° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ................. 50 
Figure A.3 : 30° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ................. 50 
Figure A.4 : 30° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ................. 51 
Figure A.5 : 30° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ................. 51 
Figure A.6 : 30° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ................. 51 
Figure A.7 : 30° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ................. 52 
Figure A.8 : 30° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ................. 52 
Figure A.9 : 30° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ................. 52 
Figure A.10 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 53 
Figure A.11 : 45° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ............... 53 
Figure A.12 : 45° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 53 
Figure A.13 : 45° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ............... 54 
Figure A.14 : 45° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 54 
Figure A.15 : 45° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 54 
Figure A.16 : 45° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ............... 55 
Figure A.17 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 55 
Figure A.18 : 60° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ............... 55 
Figure A.19 : 60° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ............... 56 
Figure A.20 : 60° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 56 
Figure A.21 : 60° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ............... 56 
Figure A.22 : 60° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 57 
Figure A.23 : 60° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 57 
Figure A.24 : 60° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ............... 57 
Figure A.25 : 60° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ............... 58 
Figure A.26 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 58 
Figure A.27 : 75° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ............... 58 
Figure A.28 : 75° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ............... 59 
Figure A.29 : 75° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 59 
Figure A.30 : 75° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ............... 59 
Figure A.31 : 75° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 60 
Figure A.32 : 75° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 60 
Figure A.33: 75° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ................ 60 
Figure A.34 : 75° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ............... 61 
Figure B.1 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ................. 62 
Figure B.2 : 30° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ................. 62 
Figure B.3 : 30° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ................. 62 
Figure B.4 : 30° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ................. 63 
Figure B.5 : 30° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ................. 63 
Figure B.6 : 30° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ................. 63 
Figure B.7 : 30° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ................. 64 
Figure B.8 : 30° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ................. 64 
Figure B.9 : 30° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ................. 64 
Figure B.10 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 65 
Figure B.11 : 45° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ............... 65 
Figure B.12 : 45° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ............... 65 
xix 
 
Figure B.13 : 45° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 66 
Figure B.14 : 45° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ............... 66 
Figure B.15 : 45° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 66 
Figure B.16 : 45° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 67 
Figure B.17 : 45° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ............... 67 
Figure B.18 : 45° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ............... 67 
Figure B.19 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 68 
Figure B.20 : 60° deadrise angle, 4 kg wedge weight, 0.6 m drop height. ............... 68 
Figure B.21 : 60° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ............... 68 
Figure B.22 : 60° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 69 
Figure B.23 : 60° deadrise angle, 6 kg wedge weight, 0.6 m drop height. ............... 69 
Figure B.24 : 60° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 69 
Figure B.25 : 60° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 70 
Figure B.26 : 60° deadrise angle, 8 kg wedge weight, 0.6 m drop height. ............... 70 
Figure B.27 : 60° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ............... 70 
Figure B.28 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height. ............... 71 
Figure B.29 : 75° deadrise angle, 4 kg wedge weight, 0.6m drop height. ................ 71 
Figure B.30 : 75° deadrise angle, 4 kg wedge weight, 0.9 m drop height. ............... 71 
Figure B.31 : 75° deadrise angle, 6 kg wedge weight, 0.3 m drop height. ............... 72 
Figure B.32 : 75° deadrise angle, 6 kg wedge weight, 0.6m drop height. ................ 72 
Figure B.33 : 75° deadrise angle, 6 kg wedge weight, 0.9 m drop height. ............... 72 
Figure B.34 : 75° deadrise angle, 8 kg wedge weight, 0.3 m drop height. ............... 73 
Figure B.35 : 75° deadrise angle, 8 kg wedge weight, 0.6m drop height. ................ 73 
Figure B.36 : 75° deadrise angle, 8 kg wedge weight, 0.9 m drop height. ............... 73 
 
 
 
 
 
 
 
 
xx 
 
  
xxi 
 
 
2D FREE SURFACE IMPACT TESTS FOR TRIANGULAR SHAPED 
WEDGES 
SUMMARY 
Solid-water impact is an essential design problem. Pressure exerted on a solid at the 
moment of impact or behaviour of free surface at the moment of impact are critical 
factors on the design process. Pitching of a ship at sea or launch free-fall life boat are 
the best examples for solid-water impact in the maritime industry. Neither ship, or 
nor free-fall boats should suffer damage at the moment of impact on water. Pressure 
exerted on boats can reach very high values that could cause the ship or free-fall to 
be inoperable, even can cause injuries or death. Thus impact phenomena must be 
investigated carefully during the design phase.  
An experimental study was carried out to find the influence of deadrise angle, drop 
height and weight of a triangular wedge on impact pressure and behaviour of free 
surface during water impact. Previous studies on this subject focuse on drop height, 
weight and dead-rise angle of a wedge. Yettou (2006) points that the mass and drop 
height of the wedge negligible. Also, Lewis’ study (2010) shows that the effect of the 
height and mass are very small. Drop tests were applied to four wedges with different 
deadrise angles with three different mass loading from three different drop heights. 
Each drop recorded with a high speed camera in order to conduct image processing 
analysis. A 2D laser sheet and metal halide lamps are used as light source. Pressure 
was also measured using pressure transmitters. Each experiment repeated twice to 
test the repeability. It is found that pressure exerted on sensors increases with the 
increase of mass and height. But effect of both mass and height of wedge are small 
compared to effect of deadrise angle of the wedge. Pressure exerted on the wedge 
decreases with increasing deadrise angle. Also, maximum wave heights and plunging 
duration of the wave caused by impact are analysed from the videos taken with high 
speed camera. Both wave heights are plunging durations are affected by the wedge 
mass and drop height of the wedge. But also on the image analysis side, dead rise 
angle of the wedge has more effect on both criterias. 
In conclusion, small dead-rise angles should be avoided for safer designs for boats or 
free-falls. Both peak pressure and wave heights increases as the deadrise of wedges 
decreases. In addition, location of peak pressure on the wedge varies also with the 
deadrise angle and impact velocity of the wedge. Peak pressure is located closer to 
bottom of the wedge at high deadrise angles, but as the deadrise angle rises 
maximum pressure occurs at higher positions than bottom of the wedge and also 
pressure occurs higher positions at higher impact speeds. Position of maximum 
pressure on boat should be analyzed on design stage and extra support elements 
should be put on stress positions.   
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As a future study, Computational Fluid Dynamics (CFD) of this study can be 
conducted to understand the physics further. The system can be structured in CFD 
software or unique user defined code and the experiment results can be used to 
validate CFD. Consistency of both results shows that CFD modelling can be used in 
this phenomena or not.  
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ÜÇGEN KESİTLİ BLOKLAR İÇİN SAKİN SU YÜZEYİNDE 2 BOYUTLU 
ÇARPMA DENEYLERİNİN YAPILMASI 
ÖZET 
Katı cisimlerin suya girişi dizayn açısından önemli bir problemdir. Katı cismin sıvıya 
çarpma anında maruz kaldığı basınç ve kuvvet ayrıca çarpma anında çıkardığı dalga, 
tasarım açısından belirleyici faktörlerdir. Gemilerin dalgalı denizlerde baş-kıç 
vurması, serbest düşme tipi can sallarının kurtarma operasyonlarında suya girişi ve 
yüksek hızlı teknelerin hızlı seyir halinde iken veya dalgalar arasında seyir halinde 
iken baş-kıç vurması nedeniyle dövünmesi gemi tasarımında katı cismin sıvıya 
çarpmasına gösterebilecek en önemli örneklerdir. Dövünme esnasında, gemi maruz 
kaldığı kuvvet ve basınca dayanamayacak şekilde yetersiz dizayn edilmiş ise, bu 
gemi görevini yerine getiremez hale gelebilir, yaralanmalar hatta can kayıpları ve 
geminin kaybına yol açan olaylar zincirine sebep olabilir. Serbest düşme tipi can 
filikalarında ise, serbest düşme kullanılarak yapılan tahliye sırasında can filikası 
düzgün dizayn edilmemiş ise maruz kaldığı kuvvetler ve basınç dolayısıyla can salı 
içerisindeki yolcuların can güvenliği tehlikeye girebilir, dizayn hataları yaralanmalar 
ve hatta can kayıplarına sebep olabilir. Dolayısıyla bu problem dikkatli bir şekilde 
incelenmelidir. Kritik durumlar iyi bir şekilde analiz edilmeli ve bu analizler 
sonucunda can ve mal güvenliğinin korunması sağlanmalıdır. 
Bu tezin birinci bölümünde katı-sıvı çarpışma problemi detaylı bir şekilde 
incelenmiştir. Bu problem üzerinde etkisi olan faktörler ve bu faktörlerin nasıl 
modellenebileceği bu bölümde tartışılmıştır. İkinci bölümde ise literatür taramasına 
yer verilmiştir. Konu ile ilgili ilk çalışmalar ve araştırmacıların bu konuya yaklaşımı, 
araştırma şekilleri, deney yapmışlar ise kurdukları deney düzenekleri ve bulunan 
sonuçlar incelenmiştir. Üçüncü bölümde deney düzeneğinin tasarımı ele alınmıştır. 
Deney düzeneğinin parçaları, kullanılan ekipmanlar ve yazılımlar tanıtılmıştır. Bu 
bölümde ayrıca deneyin üç değişkeninden bahsedilmiştir. Dördüncü bölümde ise 
deneyden elde edilen sonuçlar incelenmiştir. Bu bölümde her bir parametrenin 
basınca etkisi incelenmiştir. Ayrıca yüksek hızlı kamera kayıtları da kullanılarak 
çarpma anında dalga formu ve suyun davranışı incelenmiştir ve her parametrenin 
çarpma dolayısıyla oluşan dalga formuna etkisi karşılaştırılmıştır. Beşinci ve son 
bölümde ise sonuç bölümü yer almaktadır ve deney sonuçları tartışılmıştır. 
Parametrelerin dizayn üzerindeki etkilerinin ne şekilde olabileceği üzerinde 
durulmuştur. Bu bölümde ayrıca gelecekte yapılabilecek ek çalışmalar ve deney 
düzeneğinde yapılabilecek düzeltmeler ile yapılacak ek çalışmalar da ele alınmıştır.   
Konu ile ilgili yapılan literatür taramasında, deneysel, nümerik ve analitik yöntemler 
ile konuya yaklaşım yapıldığı görülmüştür. Chuang (1966) yaptığı deneysel 
çalışmalar sonucunda, analitik bir tahmin methodu geliştirmiştir. Yettou (2006), kesit 
açıları 15° ve 35° arasında değişen 5 farklı blok ile yaptığı deneysel çalışmanın 
sonucunda yükseklik ve ağırlığın etkisini ihmal edilebilir düzeyde, kesit açısının ise 
önemli bir faktör olduğu sonucuna ulaşmıştır. Lewis ise yaptığı deneylerde, düşme 
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anında 25° kesit açılı bir bloğun maruz kaldığı basıncı ve ivmeyi ölçmüştür. Lewis 
deneysel dataları, yüksek hızlı kamera ile yaptığı kayıtlar ile karşılaştırmış ve 
Yettou’nun sonuçlarına benzer olarak kütle ve yükseklik değişiminin etkisini ihmal 
edilebilir olarak bulmuştur. Bu çalışma, söz konusu problem ile ilgili literatürde üç 
parametreyi, yüksek hızlı görüntüleme teknikleri ile inceleyen çalışma eksiğini 
kapatması amacı ile yapılmıştır.  
İstanbul Teknik Üniversitesi Gemi İnşaatı ve Deniz Bilimleri Fakültesinde yapılan 
bu çalışmada, bu problem üzerinde etkisi olan faktörler yeni tasarlanan deney 
sistemiyle incelenmiştir. Deney sisteminde bir tank, düşme mekanizması ve düşme 
ağırlığının istenilen şekilde ayarlanabilmesi için ters ağırlık mekanizması 
bulunmaktadır. Deney için 1.3 metre boyunda 0.6 metre genişliğinde ve 0.6 metre 
derinliğinde tank yapılmıştır. Tank içerisine ise 0.4 metre seviyesine kadar su 
doldurulmuştur. Tank deneyin yüksek hızlı kamera ile rahat bir şekilde kayıt altına 
alınabilmesi için mümkün olduğunca küçük imal edilmiş ve tankın bütün 
duvarlarında görüntüleme ve ışık için saydam pleksiglass kullanılmıştır. Cam ve blok 
arasında fazla mesafe kaldığı taktirde cam ve blok arasına sıkışan su, oluşan dalganın 
üzerine çıkarak olayın görüntülenmesini engellemektedir ve problem iki boyuttan 
üçüncü boyuta geçmektedir. Problemin iki boyutlu olarak incelenebilmesi için, deney 
tankının ön ve arka kısmındaki camlar, düşen blok ile 1 mm kalacak şekilde 
yerleştirilmiştir. Böylece,  problem iki boyutlu olarak ele alınarak seçilen üç 
parametrenin olay üzerindeki etkisi incelenmiştir. Ayrıca tasarlanan düşme 
mekanizmasında bloğun üzerinde hareket ettiği 4 adet sürtünmesiz mil ile bloğun her 
denemede aynı şekilde suya düşmesi sağlanmıştır. Ek olarak konulan ters ağırlık 
mekanizması ile de düşen bloğun ağırlığı ve düşme yüksekliği istenilen şekilde 
ayarlanabilmektedir. Tutarlılık kontrolü için her deney en az iki kere tekrarlanmıştır. 
Farklı kesit açılarına sahip dört üçgen prizma bloklar farklı yüksekliklerden ve farklı 
ağırlıklarla sakin su yüzeyine serbest düşürülmüştür. Yüzey ile yaptığı açıları 15°, 
30°, 45°, 60° olan bloklar 4 kg, 6 kg, 8 kg ağırlık kombinasyonları ile 0.3 m, 0.6 m, 
0.9 m yüksekliklerden düşürülmüştür. Ağırlık değişimleri ile farklı deplasman 
kombinasyonları denenmiş, düşme yüksekliği değişimi ile de farklı deniz 
durumlarında yüksek hızlı teknelerin davranışı ve can filikalarının farklı 
yükseklikteki gemi veya platformlardan suya düşüşünün modellenmesi 
amaçlanmıştır.  
Çarpma anında blokların maruz kaldığı basınç, bloklar üzerine farklı yüksekliklere 
yerleştirilen üç adet basınç sensörü yardımıyla, saniyede 1000 veri kayıt hassasiyeti 
sağlayan Labview programı ile kayıt altına alınmıştır. Bloklar üzerine yerleştirilen 
sensörlerden alınan veriler yardımıyla blokların maruz kaldığı en büyük basınç ve 
basıncın blok üzerinde düşey olarak değişimi de incelenmiştir. Aynı zamanda düşme 
anı saniyede 1000 kare kayıt kapasiteli yüksek hızlı kamera ile kayıt altına alınarak 
çarpma anında suyun hareketi incelenmiştir. Yüksek hızlı kamera kayıt yapılabilmesi 
için dalgalı değil sürekli olarak ışık sağlayabilen ışık kaynakları gerekmektedir. 
Dolayısıyla yüksek hızlı kamera ile yapılan kayıtlar esnasında iki farklı ışık kaynağı 
test edilmiştir. Öncelikle, temin edilen 100mW gücünde laser tankın alt kısmına 
konarak, laserin yarattığı düzlemsel ışık ile kesit alınarak kayıt yapılmıştır. Sonraki 
denemelerde ise 150Watt gücünde 4 adet metal-halojen lamba ile daha ayrıntılı 
çekimler yapılmıştır. Yüksek hızlı kamera kayıtları incelendiğinde dalga hareketi, 
dalga yüksekliği gibi verilere ulaşılabilmektedir. Çarpma esnasındaki dalga hareketi 
ve maksimum dalga yüksekliği, bloğun suya aktardığı enerji hakkında bilgi 
vermektedir.  
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Deneyler sonucunda test edilen parametrelerin basınç üzerine etkisi incelenmiştir. Bu 
parametrelerden blok ağırlığı potansiyel enerjideki değişim (ve çarpma hızındaki 
değişim) dolayısıyla bloğun maruz kaldığı basınca etkisi olduğu sonucuna 
ulaşılmıştır. Blok ağırlığı arttırıldığında, blok üzerine uygulanan basınç da 
artmaktadır. Aynı şekilde yine serbest düşme yüksekliğinin, yine potansiyel 
enerjideki değişim nedeniyle bloğun maruz kaldığı basınca etkisi olduğu sonucuna 
ulaşılmıştır. Bloğun düşme yüksekliği arttıkça, blok üzerine etkiyen basınçlarda da 
artma gözlemlenmiştir. Hem ağırlık değişiminin hem de yükseklik değişiminin 
basınç değerleri üzerinde etkili parametreler olduğu sonucuna ulaşılmıştır. Kesit 
açısının ise söz konusu problem üzerinde etkisi büyüktür. Su ile yapılan açı 
azaldıkça, bloğun maruz kaldığı basınç önemli bir şekilde artmaktadır. Ek olarak, 
blok üzerinde farklı pozisyonlara yerleştirilen sensörlerden de en yüksek basınç 
değerleri beklenildiği üzere her seferde suya en yakın sensörden alınmamıştır. Blok 
açısına bağlı olarak, en büyük basınca maruz kalan sensör konumu değişmektedir. Su 
ile yapılan yüksek açılarda, en yüksek basınç teknenin kaidesine daha yakın 
pozisyonlarda yer almaktadır. Ancak, su ile açı azaldığında maksimum basıncın yeri, 
bloğun daha üst kısımlarına doğru kaymaktadır. Ayrıca, aynı blok için çarpma hızı 
arttığında da en büyük basıncın yeri, blok üzerinde daha üst noktalara taşınmaktadır. 
Dizayn esnasında dizaynı yapılan deniz aracının üzerine suya giriş anında gelecek en 
büyük basınç yerleri dikkatle incelenmeli ve bu bölgeler  yapısal olarak 
güçlendirilmelidir. 
Basınç ölçümlerine ek olarak yüksek hızlı kamera ile yapılan video kayıtları da 
incelendiğinde yükseklik ve ağırlık değişiminin dalga yükseklikleri ve dalga 
kırılması olaylarının süreleri üzerinde etkisi olduğu görülmüştür. Bloğun serbest 
düşme yüksekliği arttırıldığında bloğun suya giriş anında yarattığı dalga 
yüksekliğinin de arttığı gözlemlenmiştir. Blok ağırlığı arttırıldığında bloğun suya 
giriş anında yarattığı dalga yüksekliğinin de arttığı gözlemlenmiştir. Basınç 
değerlerindeki sonuçlar ile uyumlu olarak, su ile yapılan açı azaldıkça, dalga 
yüksekliklerinde artış olmuştur. Söz konusu üç parametrenin de dalga yüksekliği 
üzerinde etkisi olduğu sonucuna ulaşılmıştır. Yüksek hızlı kamera kayıtlarından aynı 
zamanda dalga kırılma süreleri de incelenmiştir. Bloğun serbest düşme yüksekliği 
arttırıldığında dalga kırılma süreleri de artmaktadır. Aynı şekilde blok ağırlığı arttığı 
taktirde dalga kırılma süreleri artmaktadır. Bloğun kesit açısı arttığında ise bu süre 
kısalmaktadır, hatta en dik açıya yakın blok olan 75° açılı blokta dalga kırılması 
gözlemlenmemiştir. 
Suya ani çarpma hareketi yapan ve suya baş-kıç vurma hareketine maruz kalacak 
teknelerin dizaynında, su ile düşük açılar yapan kesitlerden kaçınılmalı ve daha 
yüksek giriş açılarının kullanılması üzerine optimizasyon yapılmalıdır. Belli formda 
üretilecek teknelerde ise ağırlık azaltılması yoluna gidilebilir. Dalgalı denizlerde 
seyir edecek tekneler için ise analiz yapıldığında problem oluşabileceği sonucuna 
varılırsa bu deniz durumunda daha düşük hızlarda seyir etmesi hem tekne ve yolcu 
güvenliği hem de yolcu konforu açısından faydalı olacaktır. 
İleride yapılacak çalışmalarda, deney sonuçları da kullanılarak bilgisayarlı akışkanlar 
mekaniği programları ile bir tahmin methodu geliştirilmesi planlanmıştır. Deney 
şartları söz konusu programlar ile modellenerek, bu programdan alınan sonuçlar, 
deney sonuçları ile karşılaştırılacaktır. Bu problemin bilgisayarlı akışkanlar mekaniği 
programları ile karşılaştırılabilmesi için yeterli veri oluşmuştur. Böylece, hesaplamalı 
akışkanlar mekaniği methodu ve yazılımlarının, iki boyutlu ve üç boyutlu suya 
çarpma problemlerinde kullanılabilmesi için doğrulama veri tabanı oluşturacaktır. Bu 
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sayede bu yöntemlerin gerçek kesitli teknelerde etkili ve tutarlı bir şekilde kullanılıp 
kullanılamayacağı test edilmiş olacaktır. 
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1.  INTRODUCTION 
Solid-water impact is an important problem on the design of engineering structure. 
Both pressure and acceleration exerted on the solid at the time of impact are critical 
factors on the design process. Slamming due to combined pitching and heaving 
movement of a ship or water impact of free-fall type of life boat during launching are 
the best typical examples on solid-fluid impact. Safety of ships and her crew is one 
of the most important concerns of maritime industry. Forces applied on slamming or 
impact of freefall type of lifeboats on water can cause the ship or boat to be 
inoperable or can cause injuries, even death of her crew and/or passengers.  
Free-fall lifeboats has an essential role on offshore platforms and ships regarding the 
crew and passenger safety. A freefall lifeboat has to be designed in order to evacuate 
people from danger or disaster area under any emergency circumstances. The boats 
should not suffer from damage during the impact and should get out of launch area 
quickly. In addition to these two conditions, people in the lifeboat should not suffer 
from damage/injuries during impact because of high acceleration (g) values.  
Studies about freefalls have become important again after the accident happened 
while testing on Veslefrikk B offshore platform in 2005. On this accident, top 
structure of the boat was damaged because of high pressure. Thus, impact force and 
force distribution upon water entry become significant and studies and research of 
Norwegian Oil Industry Association (OLF) were focused on this topic (OLF, 2010). 
Freefall concept has reduced the risk of conventional life boat system significantly. 
Free fall replaced david launched lifeboat by using wires with dropping the boat from 
cetaing height. On freefall phase of the boat, potential energy of boat due to height is 
turned into kinetic energy. That energy can be used to clear off the disaster area even 
engine of boat does not start. 
Freefall is 115 year-old-concept. First design was made by Folk-Swedish- in 1897. 
Captain White proposed new concept to US department of commerce in 1939. 
Twenty years later, a Dutch sea captain Joost Verhoef concerned about the 
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possibility of building a safer lifeboat for evacuating ships in 1959. Verhoef designed 
and tested a freefall that looked very much like a submarine. This lifeboat went into 
service on a ship in 1961. It had a free-fall height of about six meters and was made 
of aluminum. This concept remained dormant until two serious accidents in 1973. 
After those two accidents, a Norwegian team started to work on better launching 
system. Result of this study was 10 meter freefall that was tested up to 20 meter drop 
heights (IMO 2010). 
Most important properties for freefall are strength, acceleration on impact and the 
motion of boat after resurfacing. These properties are relevant with different 
parameters such as length, beam, forehed form, sections. Launching system also has 
significant effect on functionality of system. Forces exerted on boat depend on 
launching system. Nowadays two different launching systems are used. One launches 
the lifeboat in a vertical drop while the other launches the lifeboat from a skid, 
causing it to have a forward motion at water impact. Of the two, the latter is found 
the most optimal and is therefore the most used (Johannessenn,2011). 
Today many firms in many countries produce lifeboats by using aluminium, steel and 
fiber as material. Freefall lifeboats are used in cargoships, tankers, platforms etc. and 
more than 15000 succesful launch were made including training and drills. 
Experimental, analytical and computational methods are suitable for this topic.  
1.1 Purpose of Thesis 
The impact of a high speed boat or freefall on a sea surface is very complex topic. 
Water impact of any vessel is essential on the design stage. Miscalculation of 
hydrodynamic loads causes failure in ships or freefall operations, sometimes ends 
with serious injuries, even death. 
In this project, the impact of freefall launched from ships/platforms at different 
heights and the hydrodynamic events on impact was modelled as experiment and 
pre-study in order to develop new computational method. Simple forms with known 
geometry, with different weight combinations, were dropped from different heights. 
Pressure distribution, waves and splash were investigated. Acquired data will be 
compared with Computational Fluid Mechanics (CFD) model in the future. Thus, 
this project investigates whether the security of freefall can be determined with 
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computational methods at the pre-design stage. At the moment of impact, a sudden 
change in the pressure gradient is formed at the water surface and water under and 
near the wedge is accelerated towards the sides and downward. Cavity is formed 
above the wedge as it descends through the water and the splash moves outward 
radially to sides. The splash moves downward back to surface.  
1.2 Impact 
Surface impact of body causes series of hydrodynamic events. This thesis 
investigates the pressure part and the splash part of the phenomena.  
High- speed camera captured the events at 900 frames per seconds (fps), which 
means 1 frame movement represents 11 miliseconds. In following chapters, 
photoghraphs were chosen as every twenty-fifth frame of recording, which was four 
seconds for each experiment. 
1.3 Chapter Preview 
Chapter two discusses the previous studies of free-fall impact. Experimental and 
numerical studies are investigated in this chapter. Chapter three explains the 
experimental setup used to conduct the experiments as well as the parameters of the 
experiment. Chapter four explores the pressure distribution acquired with Labview 
program. Also experiments were recorded with high speed camera, so formation of 
waves and splash were also investigated. Chapter five contains a summary of 
conclusion made during this thesis and possible subjects of future research. 
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2.  LITERATURE REVIEW 
There have been many research on the impact problem to make the boats more 
reliable. One of the main resarch subjects is free surface impacts and effects of the 
boats. This study aimed to find out the physical facts of, free drop freefall tests on 
freesurface and pressure effects of free drop. Some of the scientific research about 
the subject is summarised in this chapter. 
First study on solid-fluid impact problem was Von Karman’s study (1929). Von 
Karman used the linearized body boundary condition and potential free surface 
condition and developed an asymptotic theory for flat impact. Wagner and the Von 
Karman formulas are very similar. Wagner (1932) analyzed the problem by 
considering the effect of splash. 
Yettou et al. (2006) carried out a set of experiments for inspection of water pressure 
distribustion of a planing boat repeatedly impacting waves by free-falling a 
symmetrical wedge. Experiments were conducted in experiment tank, 30-meter-long, 
2-meter-wide, 2-meter-depth. Maximum falling height was 1.3 meters. Five different 
wedges were used, with deadrise angles varying fifteen to thirty-five. Parameters 
were; 5 different deadrise angles (15°,20°,25°,30°,35°), 2 different drop heights (1.0 
m and 1.3 m) and 4 different weights (0, 40, 80 and 120 lbm). 
After the experiments pressure-time data were acquired. Impact moment and the 
maximum pressure can be acquired from experiment results. Yettou (2006) also 
indicates effects of mass and drop height on pressure coefficient can be neglected. 
Deadrise angle has great influence on pressure. 
Sheng-Lun Chuang (1966), investigated the water impact of rigid bodies in David 
Taylor Towing tank using steel wedges, one flat surface and five different angles. 
Wedges dropped to tank from different heights and hydrodynamic and acoustic 
effects were investigated at the time of impact. In this study, some graphs were 
developed to maintain accurate assumptions of maximum pressure at impact. Chuang 
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selected the maximum drop height as 0.19 m which was low for modelling this 
phenomena.  
Sheng-Lung Chuang (1973) also has done some studies at Department Of The Navy 
Naval Ship Research And Development Center (NSRDC) on slamming of high-
performance crafts while travelling at high speeds. In order to find the forces exerted 
on bow structure, Wagner theorem was used. Results of experiments and assumption 
method were matching each other . Elasticity also was taken into account in his study 
and it was seen that pressure drops with elasticity effect. 
In a study made by Engle and Lewis (2003), forces acting on bow structure problem 
was analyzed as two-dimensional. Wedges dropped to freesurface at different impact 
velocities, purpose was to find the maximum pressure exerted on wedge. Results 
were compared with the analytical method developed by Wagner(1936) and Chuang 
(1966). Two different models were used for experiments, which had deadrise angles 
of 10° and 20°. Results were compared with five different methods; UASERO 
(Maskew, 1994), 2-D boundary element method based code, calculation method 
found by Takemoto (1984), finite elements method, calculation with ideal and non-
compressible fluid assumption. 
Maximum pressure values were measured at each test. Assumption made according 
to Wagner’s and Chuang’s theories (Wagner, 1936, Chuang,1973). In addition to 
those five methods, those two assumptions were also compared. 
Sayeed et al. (2010) conducted freefall experiments to find the loads exerted on hull 
on slamming. Purpose was to create planning hull simulation and find the loads on 
two dimension. For parameters mass as 20 and 40 kilograms and drop heights as 40 
and 60 centimeters were choosen and those parameters found neglectible after 
experiments. Also analytical assumption method found by Chuang (1973) proved 
consistent. 
Peseux et al. (2005) made another study about slamming and the bow structure of the 
ship. In the study, three dimensional Wagner problem was solved with finite 
elements method. Numerical analysis applied for both rigid and non-rigid structures. 
After numerical analysis, various free-fall experiments were conducted. In 
experiments pressure distribution wedges with different shell thickness and deadrise 
angles were investigated. Two methods were compared. 
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Two dimensional fluid solid impact is studied by Cointe (1991). Solution was 
searched using differential equations. Results were consistent with Von Karman and 
Wagner theories. No-experiments were conducted in this study.  
Hydrodynamic specifiations of impact for spherical bodies were researched using 
Labview and high speed camera (Laverty, 2004). With experiments impact 
coefficients were found and compared with the theorem by Von Karman (1929) and 
Wagner (1932).  
Mei and Liu (1999) researched the impact problem in an analytical way. In the study 
the impact problem of two dimensiomal solid was investigated, especially the force 
exerted on solid and pressure distribution. Wagners potential flow formulas applied 
on arbitrary section of wedge.  
“An experimental study was carried out by Ochi and Bonilla-Norat (1970) to 
correlate for various ship forebody shapes the impact pressure-velocity relationship 
as obtained by testing a model in waves and by dropping the model onto the water 
surface. It was found that both approaches yield. Pressures that are approximately 
proportional to the square of the impact velocity but that the drop tests yield 
pressures higher than those in waves by a factor of two to three for a given section 
shape. Both approaches yield the same qualitative results as to the relationship of 
pressure and section form; specifically, the more blunt the body, the larger the impact 
pressure for a given impact velocity”.  
Zhao and Faltinsen (1993) approached the problem with numerical method for 
studying water entry of a two-dimensional body of arbitrary cross-section. The 
method is a nonlinear boundary element method with a jet flow approximation and 
has been verified by comparisons with new similarity solution results for wedges 
with deadrise angles varying from 4° to 81°. A simple asymptotic solution for small 
deadrise angles α based on Wagner (1932) agrees with the similarity solution for 
small α. 
25- degree-deadrise angle wedge is allowed to fall from a range of heights into static 
water in another study by Lewis et al (2010). A high-speed (up to 5000 frames s
−1
) 
camera is used to visualize the impact. Pressure measurements at six locations across 
the wedge surface are measured and two accelerometers areused measure the vertical 
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acceleration.  Results were indicating that change of weight and height on both 
pressure and acceleration is negligible. 
Table 2.1 : Previous studies by method and year. 
Author Title Year 
Area of 
Application 
Method 
Johannessen 
Use of CFD to Study Hydrodynamic 
Loads 
on Free-Fall Lifeboats in the Impact 
Phase 
2012 Free-Fall CFD 
Panciroli, et al. 
Hydroelasticity in water-entry 
problems: Comparison between 
experimental and SPH results 
2011 Wedge 
Experiment 
and Analytical 
Verification 
Tassin, et al. 
Hydrodynamic loads during water 
impact of three-dimensional solids: 
Modelling and experiments 
2011 Ship/Slamming 
Experiment 
and CFD 
Iafrati, 
Korobkin 
Hydrodynamic loads during early stage 
of flat plate impact onto water surface 
2011 Flat Plate 
Assumption 
Method 
Tredge, et al. 
Simulation of Free Fall Lifeboats – 
Impact Forces, Slamming and 
Accelerations 
2011 Free-Fall CFD 
Sayeed, Peng, 
Veitch 
Experımental Investıgatıon Of 
Slammıng Loads On A Wedge 
2010 Ship/Slamming Experiment 
Wu, Xu, Duan 
A summary of water entry problem of a 
wedge based on the fully nonlinear 
velocity potential theory 
2010 Wedge 
Analytical 
Assumption 
Method 
Peseux, et al. 
Hydrodynamic impact: Numerical and 
experimental investigations 
2005 Ship/Slamming 
Experiment + 
Numerical 
Verification 
Yettou, et al. 
Experimental study on the water impact 
of a symmetrical wedge 
2006 Wedge Experiment 
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Table 2.1 (continued) : Previous studies by method and year. 
Author Title Year 
Area of 
Application 
Method 
Laverty 
Experimental Hydrodynamics of 
Spherical Projectiles Impacting On a 
Free Surface Using High Speed 
Imaging Techniques 
2003 
Free Surface 
Effect 
Experiment + 
CCTV Camera 
Mei, et al. 
On the water impact of general two-
dimensional sections 
1999 Wedge 
Assumption 
Method 
Lin, Shieh 
Simultaneous measurements of water 
impact on a two-dimensional body 
1997 Wedge 
Experiment + 
CCD Camera 
Greenhow, Lin 
Nonlinear Free Surface Effects: 
Experiment and Theory 
1983 Wedge 
Experiment + 
Assumption 
Method 
Chuang 
Slammıng Tests Of Three-Dımensıonal 
Models In Calm Water And Waves 
1973 Ship/Slamming Experiment 
Ochi, Norat 
Pressure-Velocıty Relatıonshıp In 
Impact Of A Shıp Model Dropped Onto 
The Water Surface And In Slammıng In 
Waves 
1970 Ship/Slamming Experiment 
Chuang 
Slamming of Rigid Wedge Shaped 
Bodies with Various Deadrise Angles 
1966 Ship/Slamming Experiment 
Zhao 
Water Entry of a Two-Dimensional 
Body 
1993 Ship/Slamming 
Experiment + 
Analytical 
Verification 
Engle, Lewis 
A comparison of hydrodynamic impacts 
prediction methods with two 
dimensional 
drop test data 
2003 Bow Structure 
experiment + 
Analytical 
verification 
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3.  THE EXPERIMENT 
3.1 Experimental Setup 
A new experimental mechanism was designed to carry out free drop tests of several 
wedges. Equipments are used for the tests are free drop mechanism, a water tank, a 
sheet laser, measument units and four different wedges.  
The water tank is 1.3 m long, 0.6 m wide,0.6 meters deep and filled with water upto 
0.4 m. Tank was constructed of steel alloy. Five sides of the tank are plexiglass in 
order to record the water surface behaviour with high-speed camera. The water tank 
is designed as narrow as possible to keep the distance between the wedge when 
enters into the water and the tank window about one milimeter for the reason that the 
water behavior between the window and wedge changes.  
The free falling system is adjusted by a counterweight to be able to test any wedge 
with a desired weight and also from a desired height. The reverse weight and falling 
part are connected with a rope. All pulleys and rods are non-frictional, so friction of 
rope can be neglected. Falling equipment consists of three parts, wedge, the panel - 
and the adapter between wedge and panel. The panel is used for connecting the rods. 
Wedge can only move horizontally. The panel is fixed by the road not to rotate and 
always drop parallel to water surface. The mechanism is shown in Figure 3.1. 
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Figure 3.1 : Drop mechanism. 
Falling part and reverse weight mechanism are connected to sides of the water tank 
by four steell roads for keeping stability of the system during free falling. Reverse 
weight mechanism are shown in Figure 3.2. Figure 3.3 shows the complete system of 
tank which experiments are conducted. 
 
Figure 3.2 : Reverse weight mechanism. 
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Figure 3.3 : Reverse weight mechanism. 
Wedges are constructed by 4 milimeters thick stainless steel and sides of wedges are 
welded together. The above opening parts are fixed to wedges by bolts to able the 
mechanism reopen for locating pressure transmitters. Dimensions of the wedges are 
0.4 m long, 0.2 m wide. Wedge depth varies with different dead rise angles. The 
dimensions of wedges are given in Table 3.1. 
Table 3.1 : Dimensions of wedges 
Deadrise 
Angle 
Length(m) Width(m) Depth(m) 
30 0.40 0.20 0.06 
45 0.40 0.20 0.10 
60 0.40 0.20 0.17 
75 0.40 0.20 0.37 
3.2 Instruments 
3.2.1 Pressure transmitters 
In order to calculate the pressure exerted on wedges, three pressure transmitters 
which have same properties are used with 30 bar sensors. Transmitters are placed on 
every other wedges at every quarter of depth. The locations are given in Figure 3.4 
for four different wedges.  
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Figure 3.4 : Location of sensors. 
The labview program is employed for measuring and recording the related data. The 
program allows three different signals to be processed at the same time for pressure 
sensors. The acquisition rate from sensors was 1000 signals per second. 
The sensors calibrated in the tank, every sensor to be sinked in the water for certain 
depth and the voltage was measured and related graphs were prepared. In Figure 3.5 
a sample graph and the equation of threadline is given. As seen from R
2 
value the 
error is negligible. 
 
Figure 3.5 : Calibration curve sample for a sensor. 
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3.2.2 High speed camera 
Phantom v5.1 high speed camera was used in experiments. Camera allows recording 
images up to 1200 fps. Three different view angles and two different lenses were 
used. Lenses are, 18-55mm wide and 18-200mm zoom lenses. First, a wide angle 
was used for recording half part of the wedge because the wedges are symmetrical on 
centerline, thus the splash is symmetrical. For the second attempt, a zoom lens was 
adopted to record only the impact zone to see the initial splash detailed.  
As light sources, 100 mW Innova GPL-501L-532-100-45 green plane laser and metal 
halide lamps were used. Purpose of the laser was to create a two dimensional surface 
and record the movement only on the surface. Only 200 fps were recorded with the 
use of laser. Positioning of laser were as in following Figure 3.6 and Figure 3.7 
 
Figure 3.6 : Position of laser. 
 
Figure 3.7 : Position of laser 
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Other light sources were four 150 watt metal halide lamps, the reason those lamps 
were used to have contious light unlike fluorescent lamps which unable to record by 
high speed camera.  
The all experimental set up is given in Figure 3.8.  
 
Figure 3.8 : Complete experiment system. 
3.3 Parameters 
All tests were carried out for four different wedges with different dead rise angles 
and all for different weights and heights. 
3.3.1 Deadrise angle 
Four wedges with different dead rise angles were built for experiments. Deadrise 
angles of wedges are chosen as 75° – 60° – 45° – 30° and shown in Figure 3.9; 
 
   
 
 
 
 
 
 
 
 
 
 
Figure 3.9 : Section views of wedges 
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3.3.2 Drop height  
Three different drop heights were chosen according to the model as 0.3 m, 0.6 m and 
0.9 m.  
3.3.3 Weight 
The test system allows to drop the wedges for desired weights. Any weight in the 
boundary of test conditions can be chosen, because the counterweight can be 
adjusted. For this study three different weights are chosen as 4 kg, 6 kg and 8 kg. 
All parameters are listed on Table 3.2. 
Table 3.2 : Parameters of experimental setup. 
Deadrise 
Angle 
Drop Weight 
(kg) 
Drop 
Height (m) 
Deadrise 
Angle 
Drop Weight 
(kg) 
Drop 
Height (m) 
30 
4 
0.3 
60 
4 
0.3 
0.6 0.6 
0.9 0.9 
6 
0.3 
6 
0.3 
0.6 0.6 
0.9 0.9 
8 
0.3 
8 
0.3 
0.6 0.6 
0.9 0.9 
45 
4 
0.3 
75 
4 
0.3 
0.6 0.6 
0.9 0.9 
6 
0.3 
6 
0.3 
0.6 0.6 
0.9 0.9 
8 
0.3 
8 
0.3 
0.6 0.6 
0.9 0.9 
 
 
  
18 
  
19 
4.  EXPERIMENT RESULTS 
4.1 Pressure 
Effect of dead rise angle, drop height and mass of wedge on pressure exerted on the 
wedge and pressure distribution at the moment of impact are investigated in this 
section of thesis.  
The wedge has potential energy due to its height and mass before releasing and this 
potential energy will be converted to kinetic energy after the release. Equation 4.1 
shows the energy conversion. 
M g h   
1
2
 M V2     (4.1) 
Energy and momentum of wedge are transferred to water at the moment of impact. 
Also change of momentum is zero for free falling wedge. Equation 4.2 shows 
conservation of momentum. 
M V   (m   M) V0     (4.2) 
Figure 4.1 shows typical pressure measurement for a test as time versus pressure as 
bar. Bottom sensor contacts the water first and the moment of impact of the sensor is 
taken as t=0 for the figure. After 50 ms first sensor, middle sensor and after about 
100 ms from the start top sensor contacts the water. Pressure graphs are compared 
with the videos and only the first peak of the pressure distribution graphs are taken 
into account in this study. For example, first hump and second peak represents the 
series of events as the wedge submerges and floats back to surface for this wedge.  
20 
 
Figure 4.1 : Sample pressure distribution and maximum pressure on a wedge. 
Time is taken as t=0 as the first sensor touches the water in Figure 4.1. Impact time 
of each sensor is taken as t=0 in Figure 4.2 - 4.4 in order to see and compare the 
behaviour of sensors reaction. Behaviour of sensors are similar as can be seen from 
the figures. Pressure values are changing and the reaction and reaction time to the 
impact are same. Figure 4.2 indicates the pressure-time graph bottom sensor, Figure 
4.3 indicates the middle and Figure 4.4 indicates the top sensor.  
 
Figure 4.2 : Behaviour of bottom sensor. 
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Figure 4.3 : Behaviour of middle sensor. 
 
Figure 4.4 : Behaviour of top sensor. 
Pressure on the wedge after the impact actually consists of two parts; hydrodynamic 
pressure due to impact of wedge to water surface and hydrostatic pressure due to the 
wedge’s position through the water. High speed camera videos are analyzed and 
depth of each sensor and the bottom point of the wedge from the water surface are 
measured from images. Figure 4.5 represents the sample image from the hydrostatic 
pressure calculations.  
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Figure 4.5 : Position of the 30° deadrise angle, 6 kg weight, 23 ms after the impact. 
 
Hydrostatic pressure on sensors are calculated from the basic formula given in 
Equation 4.3,  
P   g h     (4.3) 
where   is density of water, g is gravitational acceleration, and h is the depth of 
sensor. Also, another calculation was made in order to verify the results of the 
pressure. Friction of water and velocity decrease are neglected and calculation made 
using only the duration of impact and wedge depth. Figure 4.6 shows the comparison 
of actual case and ideal condition.  
 
Figure 4.6 : Comparison for hydrostatic pressure, actual case and ideal case. 
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Figure 4.6 also shows the effect of buoyancy on falling wedge. Velocity of the 
wedge decreases because of the force on wedge applied by water, slope of graph 
decreases.  
Total pressure and hydrostatic pressure are in time graphs for bottom sensor are 
shown in Figure 4.7.   
 
Figure 4.7 : Total pressure and hydrostatic pressure graphs for a sensor. 
For selected condition, pressure is analyzed. Hydrostatic pressure is about 2 cmH2O 
at 0.05 seconds after the impact and the pressure exerted on sensor due to impact is 
about 10 cmH2O and the total pressure of combined pressure is 12 cmH2O. Figure 
4.8-4.11 shows the pressure distribution for various deadrise angle wedges.  
 
Figure 4.8 : Total and hydrostatic pressure graphs for 30° deadrise angle wedge. 
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Figure 4.9 : Total and hydrostatic pressure graphs for 45° deadrise angle wedge. 
 
Figure 4.10 : Total pressure hydrostatic pressure graphs for 60° deadrise angle. 
 
Figure 4.11 : Total pressure hydrostatic pressure graphs for 75° deadrise angle. 
Figure 4.8 - 4.11 indicate that, impact part of the pressure decreases as the deadrise 
angle increases. Impact pressure is more important on smaller angles and impact 
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pressure changes the total pressure curve with an instant bump, but total pressure on 
high angles are like hydrostatic pressure curve. Impact part of pressure becomes less 
important as the deadrise angle increases. 
4.1.1 Effect of drop height of wedge on pressure 
Three different drop heights are considered in order to find the effect of drop height. 
In this section results for wedge with 60° deadrise angle and 6 kg weight are shown 
as examples in Table 4.1 and Figure 4.12. Results for other wedges and weights are 
given in Appendix B. Table 4.1. shows the pressure distribution for each sensor. 
Drop height varies as 0.3 m, 0.6 m and 0.9 m. 
Table 4.1 : Pressure distribution for 60° deadrise angle wedge and 6 kg weight 
Dead Rise 
Angle 
Weight 
(kg) 
Height 
(m) 
Bottom 
Sensor 
Middle 
Sensor 
Top 
sensor 
Unit 
60 6 
0.3 14.02 9.02 4.93 cmH2O 
0.6 15.57 9.47 6.50 cmH2O 
0.9 16.90 10.24 8.63 cmH2O 
Pressure values read from sensors increases by both mass and height increases for 
every sensor. These data indicates, drop height change absolutely has an effect on 
maximum pressure distribution as the data read from sensors but the change of 
pressure with change of height is very low compared to change of deadrise angles.  
Figure 4.12 is the graph of the data acquired from the table. 
 
Figure 4.12 : Pressure comparison for wedge, 60° deadrise angle and 6 kg weight. 
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4.1.2 Effect of weight of wedge on pressure 
Three different drop weights are considered in order to find the effect of drop height. 
In this section results for wedge with 60° deadrise angle and 4 kg, 6 kg and 8 kg 
weight and 0.6 m drop height are shown in Table 4.2 and Figure 4.13 in this section. 
Results for other wedges and heights are represented in Appendix B. 
Table 4.2 : Pressure distribution for 60° deadrise angle wedge and 0.6 m drop height. 
Dead 
Rise 
Angle 
Height 
(m) 
Weight 
(kg) 
Bottom 
Sensor 
Middle 
Sensor 
Top 
sensor 
Unit 
60 0.6 
4 13.20 7.90 4.37 cmH2O 
6 15.57 9.47 6.50 cmH2O 
8 21.05 14.67 10.38 cmH2O 
Figure 4.13 is the graph of the data acquired from the table. 
 
Figure 4.13 : Pressure comparison for 6 kg weight and 0.6 m drop height. 
Drop weight change absolutely has an effect on maximum pressure distribution as 
the data read from sensors. But the change of pressure with change of height is very 
low compared to change of deadrise angles. 
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4.1.3 Effect of deadrise angle on pressure 
Four different dead rise angles for wedges are chosen in order to find the effect of 
deadrise angle. In this section results for 8 kg wedge weight and 0.9 m drop height 
are shown in Figure 4.14. Results for other heights and weights are given in 
Appendix B. 
 
Figure 4.14 : Pressure comparison for each sensor for given parameters. 
Effect of deadrise angle has more effect on pressure exerted on wedge than effect of 
wedge weight and drop height. As the deadrise angle falls, maximum pressure 
exerted on the wedge increases significantly.  
4.2 Image Data 
The aim of the thesis examine the geometry of splash and behavior of water surface 
at impact moment. Impact moment of wedges to water surface was recorded with a 
900 fps high speed camera and every twenty-fifth picture were cut from the video. 
All the pictures in the next sections represent 11
th
 miliseconds. Figure 4.15 shows 
example capture from the video record.  
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Figure 4.15 : Sample caption from video. 
The two different filters for image processing were applied to represent more 
understandable pictures. Figure 4.15 shows an unfiltered version of the images, but 
filtered ones are used in following sections. 
4.2.1 Effect of height and weight on wave form 
The wedge with 60° dead rise angle is chosen to explain the physics and effects of 
weight of wedge and drop height of wedge on water entry phenomena. 
The spray speed of water at impact moment is related to height (from Equation 4.1) 
and weight (from Equations 4.1-4.2) of wedges. Thus the speed and the form of the 
wave is directly related to these parameters.  
Each experiment was performed two times to for examining test reliability. 
4.2.1.1 Results for 4 kilograms 
Impact velocity and form of the splash directly proportional to weight and drop 
height of the wedge. The splash formation of 60° wedge for 0.3 m, 0.6 m and 0.9 m 
drop heights and 4 kg weight are represented at Figures 4.16-4.18. Every twenty-fifth 
picture of the recordings are captured and displayed to show the behaviour of water 
at impact. The time difference between any captures are 0.0275 seconds.  
Water particles breaks free from surface tension and spray occurs at the moment of 
impact. As the wedge descends through the tank waveform starts to shape. The crest 
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of the wave becomes much steeper than wave, becomes vertical after 44 miliseconds 
after the impact for 0.3 m drop height. Then wave curls over and drops onto the 
water after 77 miliseconds because of its low energy. Also, wave height is very low 
as can be seen from Figure 4.16. After breaking, wave travels to sides of tank and 
fades eventually. Potential energy of the wedge is so low where the impact velocity 
of the wave is very low. Images are investigated further with the image processor 
software named Cineviewer which allows the recordings to be played at desired 
frame rate, enables the filtering and measurements on videos, and the maximum 
wave height found for this set is 3.6 cm.  
 
Figure 4.16 : 60° deadrise angle 4 kg wedge weight, 0.3 m drop height. 
Next, the same wedge was dropped from 0.6 m. Shape of the wave is not much 
different from 0.3 m height. Wave curls over and drops onto the water after 121 ms; 
but the maximum wave height for this parameter 4.86 cm because the potential 
energy of wedge is higher this time. Figure 4.17  shows the wave form for 0.6 m.  
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Figure 4.17 : 60° deadrise angle 4 kg wedge weight, 0.6 m drop height. 
Figure 4.18 shows 0.9 m drop height, again wave form is same with 0.3 m and 0.6 m 
height. Maximum wave height for this parameter is 5.6 cm. Wave curls over and 
drops onto the water after 132 ms. 
 
Figure 4.18 : 60° deadrise angle 4 kg wedge weight, 0.9 m drop height. 
It is clear that drop height has important effect on wave height and shape because of 
the difference on potential energy as the data acquired from videos. Table 4.3 shows 
the maximum wave heights and duration of plunging for 4 kilograms wedge weight. 
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Table 4.3 : Maximum wave heights and durations for 4 kg wedge weight 
 
Drop Height (m) 
Maximum Wave 
Height (cm) 
Duration of 
plunging (ms) 
4 kg 
0.3 3,64 77 
0.6 4,86 121 
0.9 5,60 132 
4.2.1.2 Results for 6 kilograms 
Figure 4.19- 4.21 shows the summary of events for 6 kg, 0.3 m, 0.6 m and 0.9 m 
drop heights. Water particles again breaks free from surface tension and spray occurs 
but this time water particles travel much faster than as they were in 4 kg at the 
moment of impact. Crest of the wave becomes much steeper than wave for 4 kg, 
becomes vertical 66 ms after the impact. Then wave curls over and drops onto the 
water after 143 ms. Wave height is very low but higher than 4 kg also as can be seen 
from the images. Images are investigated further with Cineviewer and the maximum 
wave height found for this set is 6.06 cm.  
 
Figure 4.19 : 60° deadrise angle 6 kg wedge weight, 0.3 m drop height. 
Again the wedge was dropped from 0.6 m. Wave curls over and drops onto the water 
after 121 ms; but the maximum wave height for this parameter 9.34 cm. Figure 4.20 
shows the wave form for 0.6 m. 
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Figure 4.20 : 60° deadrise angle 6 kg wedge weight, 0.6 m drop height. 
Figure 4.21 shows 90 cm drop height, again wave form is same with 30 cm and 60 
cm height. Maximum wave height for this parameter is 11.29 cm. Wave curls over 
and drops onto the water after 303 ms. 
 
Figure 4.21 : 60° deadrise angle 6 kg wedge weight, 0.9 m drop height. 
It is clear that weight of the wedge has also important effect on wave height and 
shape of the wave because of the difference on potential energy. Table 4.4 shows the 
maximum wave heights and plunging durations for 6 kg wedge weight.  
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Table 4.4 : Maximum wave heights and durations for 6 kg wedge weight 
 
Drop Height 
(m) 
Maximum Wave 
Height (cm) 
Duration of Plunging 
(ms) 
6 kg 
0.3 6.06 143 
0.6 9.34 230 
0.9 11.29 303 
4.2.1.3 Results for 8 kilograms 
Figure 4.22- 4.24 show the summary of events for 8 kg, 0.3 m, 0.6 m and 0.9 m. At 
this set, water particles travel much faster than as they were in 6 kg. For 0.3 m drop 
height wave curls over and drops onto the water after 215 ms and maximum wave 
height found for this set is 8.87 cm. Figure 4.22 shows the wave progress for 0.3 m. 
For 0.6 m height wave curls over and drops onto the trough of the water after 352 
ms; but the maximum wave height for this parameter 13.27 cm. Figure 4.23 shows 
the wave form for 0.6 m. Figure 4.24 shows 0.9 m drop height, again wave form is 
same with 30 cm and 60 cm height. Maximum wave height for this parameter is 
16.63 cm. Wave curls over and drops onto the water after 391 ms. 
 
Figure 4.22 : 60° dead rise angle, 8 kg wedge weight, 0.3 cm drop height. 
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Figure 4.23 : 60° dead rise angle, 8 kg wedge weight, 0.6 cm drop height. 
 
Figure 4.24 : 60° dead rise angle, 8 kg wedge weight, 0.9 m drop height. 
For 9 kg wedge weight, 30 cm drop height causes maximum wave height of 8.87 cm 
and wave crest becomes irregular up to 215 ms after the impact. For 4 kg these 
values were 3.64 cm and 77 ms. 4 kg increase of weight almost triples the wave 
height and irregularity of the wave. 60 cm drop height increases the wave height to 
13.27 cm and the irregularity of the wave to 352 ms. On 90 cm wave height is 16.63 
cm and duration is 391 ms Table 4.5 shows the maximum wave heights for 8 kg 
wedge weight. 
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Table 4.5 : Maximum wave heights and durations for 8 kg wedge weight. 
 
Drop Height 
(m) 
Maximum Wave 
Height (cm) 
Duration of 
Plunging(ms) 
8 kg 
30 8.87 215 
60 13.27 352 
90 16.63 391 
As expected, both drop height and the weight of the wedge has significant effect on 
maximum wave height and duration of irregularity of the wave. Table 4.6 (shows the 
summary for all different weight and height combinations and the results for the 
wedge with 60° deadrise angles. 
Figure 4.25-4.28 are the graphs from the datas. 
Table 4.6 : Maximum wave heights and durations for 60° deadrise angle wedge.  
  
Drop Height 
(m) 
Maximum Wave 
Height (cm) 
Duration of 
Plunging (ms) 
4 kg 
0.3 3.64 77 
0.6 4.86 121 
0.9 5.60 132 
6 kg 
0.3 6.06 143 
0.6 9.34 230 
0.9 11.29 303 
8 kg 
0.3 8.87 215 
0.6 13.27 352 
0.9 16.63 391 
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Figure 4.25 : Effect of drop height on maximum wave height on different weights. 
 
Figure 4.26 : Effect of drop height on plunging duration on different wedge weights. 
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Figure 4.27 : Effect of wedge weight on wave height on different drop heights. 
 
Figure 4.28 : Effect of wedge weight on plunging duration on different drop heights 
. 
4.2.2 Effect of deadrise angle on wave form 
Effect of deadrise angle on wave form is discussed in this section. In order to 
investigate only the effect of deadrise other two parameters, drop height and wedge 
weight, were kept constant. The drop height 0.3 m and the drop weight 4 kg were 
chosen to examine the effect of deadrise angle. As mentioned at previous chapters, 
deadrise angle of wedges are, 75⁰, 60⁰, 45⁰ and 30⁰ degrees. Maximum wave heights 
and plunging durations of all wedges are measured from the videos and compared in 
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this section. Figure 4.29-4.32 shows the summary of events at the moment of impact 
of wedges.  
Drop height and weight for wedges were all same, so potential energies were the 
same, thus impact speeds were the same. Deadrise angle makes the difference. As 
can be seen in Fgure 4.29; deadrise of the wedge is very high compared to other 
wedges. As expected, impact of this wedge is more fierce than others. Great energy 
transferred to water at the moment of impact and a wave system with high energy 
occurs. Maximum wave height of this wave is 12 cm and duration of plunging is 363 
ms. 
 
Figure 4.29 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
Next, the wedge with 45° deadrise-angle-wedge is analyzed. Impact of this wedge is 
softer than 30 degrees, maximum wave height is 6.06 cm and duration of pluning of 
the wave is 286 ms. Figure 4.30 shows the behaviour of water surface at 45 degrees.  
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Figure 4.30 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height.  
Figure 4.31 shows the wedge with 60° deadrise-angle-wedge. Impact of this wedge is 
softer than 45⁰ this time, maximum wave height is 3.64 cm and duration of pluning 
of the wave is 77 ms. Figure 4.31 shows the behaviour of water surface at 60⁰.  
 
Figure 4.31 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
At 75⁰ Deadrise angle, wedge is very steep. When the wedge impacts to the water 
surface, wave with low height occurs but that wave does not break. This means the 
energy transferred to the water surface from the wedge on impact is very low. Figure 
4.32 shows the summary of event and maximum wave height is 1.6 cm. 
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Figure 4.32 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
Table 4.7 : Maximum wave heights and durations for 4 kg weight, 0.3 m drop height. 
Deadrise 
Angle 
MaximumWave 
Height(cm) 
Durationof 
Plunging(ms) 
30 12.05 363 
45 6.06 286 
60 3.64 77 
75 1.58 0 
Table 4.7 shows the comparison of various deadrise angles. Values of wave height 
and plunging durations prooves that deadrise angle has very significant effect at 
impact.  
 
Figure 4.33 : Maximum wave height – Deadrise angle graph. 
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Figure 4.34 : Plunging duration – Deadrise angle graph. 
As the pressure side of this experiment shows, image part of the experiment also 
shows that deadrise angle has more influence on impact phenomena.  
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5.  CONCLUSIONS AND RECOMMENDATIONS  
In this study, an experimental set up was prepared to mesure impact pressure and 
visualise the physical phenomenon of geometrically defined triangular wedges. Aim 
of the measurements and visualisation is to develop data for safe design of free-fall 
type of life saving equipment or boats subjected by slamming and to record wave 
profile which is occurred by impact. 
Parameters were searched that has effects on both pressure and wave side. Deadrise 
angle of wedge, drop height and the weight of the wedge were selected as factors. 
The test matrix including thirty-six different experiments were conducted in order to 
find effects of the parameters. Also some of the experiments were repeated to 
validate the reliability of collected data.  
In this study, four different wedges where deadrise angles are 30°, 45°, 60° and 75° 
were subjected to impact tests for here different weights (4, 6 and 8 kg) and heights 
(0.3, 0.6 and 0.9 m) It is found that:  
 Pressure exerted on sensors increases with the increase of mass and height, 
but effect of both mass and height of wedge are smaller when compared to 
effect of deadrise angle of the wedge.  
 Pressure exerted on the wedge decreases with increasing deadrise angle. 
Also, impact pressure is more important on smaller angles and impact 
pressure changes the total pressure curve with an instant bump, but total 
pressure on high angles are like hydrostatic pressure curve.  
 Impact part of pressure becomes less important as the deadrise angle 
increases. Both wave heights and plunging durations are affected from the 
wedge mass and drop height of the wedge. But also on the image analysis 
side, dead rise angle of the wedge has more effect on both criterias. 
In conclusion, small dead-rise angles should be avoided for safer designs for boats or 
free-falls. Both peak pressure and wave heights increases as the deadrise of wedges 
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decreases. In addition, location of peak pressure on the wedge varies also with the 
deadrise angle and impact velocity of the wedge. Peak pressure is located closer to 
bottom of the wedge at high deadrise angles, but as the deadrise angle rises 
maximum pressure occurs at higher positions than bottom of the wedge and also 
pressure occurs higher positions at higher impact speeds. Position of maximum 
pressure on boat should be analyzed on design stage and extra support elements 
should be put on stress positions.   
5.1 Possible Future Study 
In this study much effort have been invested in completing the test, nevertheless 
some other work can be carried out to put the last touches to the experiments suc as 
follows:  
 Experiments can be repeated with longer and deeper experiment tank. Longer 
and deeper experiment tank can eliminate the reflection of the waves hitting 
the sides of the tank and returning back after the impact. Elimination of 
reflection can provide the ability to record pressure datas for longer. Also 
width of the tank should be adjusted such that the gap between the falling 
wedge and sides of the tank can be minimum. This will reduce the 3D effect 
on the experiment. In adittion, free-fall system design can be improved.  
 Free-fall mechanism would be improved if the materials of falling part were 
chosen lighter. Wedges or the connection panel can be changed with a lighter 
material than stainless steel, so reverse-weight part will not be needed.  
Another benefit of lighter wedges is displacement of the wedge.  
 A stopping mechanism for wedges had to be put in some cases in order to 
prevent the wedge descending further in the water. As the wedge fully sinks 
in the water, connection panel above the wedge –that slides on rails- hits the 
springs on the tank and stops the wedge. Stopping mechanism limits the 
duration of data acquisition. Datas recorded after the panel hits the tank were 
not taken into account. This issue was the biggest disadvantage of the 
stopping mechanism.  
 Experiments can be combined with an accelerometer in order to find the 
maximum acceleration on the wedge during the impact. Acceleration values 
45 
gives the designer the knowledge about the force applied on the impact. 
Impact velocity of falling wedge can be obtained with a speed sensor.  
 Also position of the wedge should be recorded, as well as the impact pressure 
and better understanding the relation between hydrostatic pressure and impact 
pressure. Increasing the number of pressure transducers will provide 
additional datas at various places of the wedge.  
 High speed recordings can be improved. Videos can  be analyzed with an 
image process software which will allow to determine the velocities and 
trajectories of water particles or trajectory and speed of the splash after the 
impact. This will provide great understanding about splash formation.  
 Additional wedges can be tested. Pressure datas indicates that in 45° and 
lower deadrise angle than 45°, impact pressure has significant role. More 
triangular wedges with various deadrise angles between 0 and 45 can be 
tested.  
 Flat plate free fall test can be conducted to compare the results and non-
triangular shapes should be tested. Especially concave, convex or combined 
sections even the non-symmetrical sections, or round-edged sections should 
be tested.  
 Computational Fluid Dynamics (CFD) of this study can be modeled. The 
system can be structured in CFD software or unique user defined code and 
the experiment results can be used to validate CFD. Consistancy of both 
results shows that CFD modelling can be used in this phenomena or not.  
 These tests should be repeated for conventional free-fall forms to provide 
lighter and stronger boats for safety and economy. 
The current work is designed as a starting point of free-fall tests, the author wishes to 
improve the study further to carry out the future works.  
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APPENDIX A  
 
Figure A.1 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
Figure A.2 : 30° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
Figure A.3 : 30° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
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Figure A.4 : 30° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
Figure A.5 : 30° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
Figure A.6 : 30° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
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Figure A.7 :  30° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
Figure A.8 : 30° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
Figure A.9 : 30° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
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Figure A.10 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
Figure A.11 : 45° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
Figure A.12 : 45° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
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Figure A.13 : 45° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
Figure A.14 : 45° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
 
Figure A.15 : 45° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
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Figure A.16 : 45° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
Figure A.17 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
Figure A.18 : 60° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
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Figure A.19 : 60° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
 
Figure A.20 : 60° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
Figure A.21 : 60° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
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Figure A.22 : 60° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
 
Figure A.23 : 60° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
Figure A.24 : 60° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
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Figure A.25 : 60° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
 
Figure A.26 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
Figure A.27 : 75° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
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Figure A.28 : 75° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
 
Figure A.29 : 75° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
Figure A.30 : 75° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
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Figure A.31 : 75° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
 
Figure A.32 : 75° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
Figure A.33 : 75° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
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Figure A.34 : 75° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
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APPENDIX B 
 
Figure B.1 : 30° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.2 : 30° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.3 : 30° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
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Figure B.4 : 30° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.5 : 30° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.6 : 30° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
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Figure B.7 : 30° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.8 : 30° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.9 : 30° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
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Figure B.10 : 45° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.11 : 45° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.12 : 45° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
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Figure B.13 : 45° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.14 : 45° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.15 : 45° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
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Figure B.16 : 45° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.17 : 45° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.18 : 45° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
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Figure B.19 : 60° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.20 : 60° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.21 : 60° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
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Figure B.22 : 60° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.23 : 60° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.24 : 60° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
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Figure B.25 : 60° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.26 : 60° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.27 : 60° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
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Figure B.28 : 75° deadrise angle, 4 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.29 : 75° deadrise angle, 4 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.30 : 75° deadrise angle, 4 kg wedge weight, 0.9 m drop height. 
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Figure B.31 : 75° deadrise angle, 6 kg wedge weight, 0.3 m drop height. 
 
 
Figure B.32 : 75° deadrise angle, 6 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.33 : 75° deadrise angle, 6 kg wedge weight, 0.9 m drop height. 
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Figure B.34 : 75° deadrise angle, 8 kg wedge weight, 0.3 m drop height. 
 
 
 
Figure B.35 : 75° deadrise angle, 8 kg wedge weight, 0.6 m drop height. 
 
 
Figure B.36 : 75° deadrise angle, 8 kg wedge weight, 0.9 m drop height. 
 
 
 
-2
0
2
4
6
8
10
12
14
16
18
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
P
re
ss
u
re
 (
cm
H
2
O
) 
Time(Second) 
Bottom
Middle
Top
-2
0
2
4
6
8
10
12
14
16
18
20
22
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
P
re
ss
u
re
 (
cm
H
2
O
) 
Time(Second) 
Bottom
Middle
Top
0
2
4
6
8
10
12
14
16
18
20
22
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
P
re
ss
u
re
 (
cm
H
2
O
) 
Time(Second) 
Bottom
Middle
Top
74 
 
 
 
 
 
 
  
75 
CURRICULUM VITAE  
Name Surname:  Sefer Anıl Günbeyaz   
Place and Date of Birth: Samsun, 25-10-1988  
Address:  Faculty of Naval Architecture and Ocean 
Engineering, ITU  
E-Mail:  gunbeyaz@itu.edu.tr  
B.Sc.:  Naval Architecture and Marine Engineering 
 
 
 
